ABSTRACT Two experiments with broiler chicks and one experiment with laying hens were conducted to determine the ME n value of conjugated linoleic acid (CLA). In Experiment 1, for 8 d, 16-d-old chicks were fed diets in which 4, 8, or 12% of CLA Source A or 4, 8, or 12% of soybean oil (SO) was substituted for glucose. Dietary ME n increased linearly (P ≤ 0.001) with increments of CLA Source A or SO. Regression analysis relating increases in dietary ME n and increments of the dietary fat sources showed that the ME n values of CLA Source A and SO, when evaluated separately, were 7,419 and 8,429 kcal/ kg, respectively. In Experiment 2, feed was withheld from laying hens for 38 h and then the hens were force-fed diets containing 15% glucose, 15% CLA Source A, or 15% SO (two feedings of 30 g each). Excreta samples were
INTRODUCTION
Considerable attention has been focused on dietary conjugated linoleic acid (CLA) since Pariza and Hargraves (1985) and Ha et al. (1990) reported that CLA seemed to have anticarcinogenic properties in several animal systems. In 1993, Cook et al. observed that 0.5% dietary CLA modified some consequences of an immune response in chicks. They found that chicks injected with Escherichia coli lipopolysaccharide and not fed CLA lost weight, whereas chicks injected with lipopolysaccharide and fed 0.5% CLA continued to gain weight, albeit slowly. Cook et al. (1996) also reported that dietary CLA impaired hatchability of chicken eggs and thus may provide an effective mechanism for controlling populations of wild birds. Working with laying hens, Chamruspollert and Sell (1999) found that the CLA concentration in egg yolk lipids increased linearly as dietary CLA concentration increased from 0.5 to 5% of the diet, indicating that eggs could be made to supply appreciable CLA to diets of humans. In the latter instance, the ME n value of the CLA source used 1 1Journal Paper Number: J-18880 of the Iowa Agriculture and Home Economics Experiment Station, Ames, Iowa 50011. Project Number 3224. 2 To whom correspondence should be addressed: jsell@iastate.edu.
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collected for 36 h after the last feeding. The ME n values obtained for CLA Source A and SO were 8,517 and 8,437 kcal/kg, respectively. The ME n of CLA Source B (higher in unsaturated fatty acids than CLA Source A) was determined in Experiment 3 by feeding diets containing 4, 8, or 12% CLA Source B to 14-d-old chicks. Increases in dietary ME n with increments of CLA Source B were curvilinear, with resulting ME n of 9,375 to 9,588 kcal/kg of fat when CLA Source B was fed at 4 or 8% of the diet and 7,917 kcal/kg when fed at 12% of the diet. Results of this research show that CLA sources can contribute substantial energy to diets, but the ME n value of CLA sources for young chicks varies with fatty acid composition and dietary concentration.
to formulate laying hen diets was assumed to be approximately the same as that of soybean oil (SO). To the authors' knowledge no published data exist that document the ME n value of CLA sources for poultry. Assuming that CLA sources may be used in poultry feeding programs in the future, knowledge of the ME n value of these sources will be important. Research reported here was conducted to determine the ME n value of CLA sources, obtained commercially, for young broiler chickens and for laying hens.
MATERIALS AND METHODS
Procedures used in the experiments reported herein were approved by the Laboratory Animal Resources Committee of Iowa State University.
Animals and Experimental Design
Experiment 1. One hundred-twenty 16-d-old, male broiler chicks (Ross × Ross) were used. The chicks were fed a 23% CP, 3,100 kcal of ME n /kg starter diet from 1 to 16 d of age. Five chicks were assigned randomly to Abbreviation Key: CLA = conjugated linoleic acid; SO = soybean oil. 4 All diets were formulated to be isonitrogenous and to meet or exceed National Research Council (NRC, 1994) recommended nutrient concentrations. Metabolizable energy contents of the experimental diets were not equalized. Celite ,5 was included at 0.7% of all diets to serve as an indigestible marker. Fatty acid analysis of CLA Source A and SO was done at a commercial laboratory 6 while the experiment was in progress. Results presented in Table 2 show that CLA Source A contained about 49.5% total CLA.
The glucose basal diet and diets containing SO were assigned randomly to three pens of chicks, whereas diets containing CLA Source A were assigned to four pens of chicks. Diets and water were provided ad libitum, starting when the chicks were 16 d old. Body weight data were recorded when chicks were 16 and 24 d old, and feed consumption data for the 8-d experiment also were recorded. Excreta samples were collected from each pen on Days 7 and 8 of the experiment. Excreta and diet samples were freeze-dried in preparation for analysis. Samples of excreta and diets were analyzed for gross energy by bomb calorimetry 7 and for nitrogen by the Kjeldahl procedure (Association of Official Analytical Chemists, 1980; Method 14.068) and for acid-insoluble ash (Scott and Bodaji, 1997) . These data were used to calculate ME n of the diets, and the ME n values of the diets were used to estimate the ME n of CLA Source A and SO by the procedure described by Hill and Anderson (1958) . In this procedure, the ME n value assigned to glucose was 3,640 kcal/kg (Hill and Anderson, 1958) .
Experiment 2. Fifteen 70-wk-old White Leghorn laying hens were used. The hens were kept in individual metabolism cages that were equipped for collection of excreta. Until the start of the experiment, hens were supplied with a laying hen diet (16% CP, 2,850 kcal of ME n /kg) and water for consumption ad libitum. Hens were provided with 14 h of light and 10 h of darkness per day. A forcefeeding method was used to determine the ME n value of the experimental diets. This method involved depriving all hens of feed for 38 h. At the end of 38 h, five hens were assigned to each of three experimental diets, and 30 g of the appropriate diet was force-fed to each hen, as described by Sibbald (1986) . Another 30 g of each diet also was force-fed to the appropriate hens 24 h later. Excrement was collected from each hen for 36 h after the last feeding. Water was supplied ad libitum during the experiment.
The three experimental diets were a glucose basal diet that contained 15% glucose and diets in which CLA Source A (same source as in Experiment 1) or SO was substituted, on a weight basis, for glucose of the glucose basal diet. Composition of the glucose basal laying hen diet is presented in Table 1 . All diets were formulated to meet or exceed nutrient concentrations recommended by the NRC (1994). The ME n of diets containing the test fats were allowed to increase with the inclusion of CLA Source A or SO. As in Experiment 1, 0.7% Celite was included in the diets as an indigestible marker. Excrement samples collected from each hen were freeze-dried in preparation for analyses. These samples were analyzed for gross energy, nitrogen, and acid-insoluble ash by procedures described for Experiment 1. Calculations of ME n values of test diets and estimations of ME n values of CLA Source A and SO also were made as described for Experiment 1. Experiment 3. This experiment was conducted to determine the ME n value of another source of CLA (CLA Source B). Laboratory analysis of CLA Source A during Experiments 1 and 2 showed that the fatty acid composition of this CLA source was notably different from that of CLA sources used by Ahn et al. (1999) , Chamruspollert and Sell (1999) , and Du et al. (1999) . CLA Source B contained lower concentrations of the saturated fatty acids, palmitic and stearic, than did CLA Source A and also contained a greater concentration of total CLA than CLA Source A ( Table 2 ). The proportional distribution of isomers of CLA also was different for CLA Sources A and B. Because of these differences and because the fatty acid composition of CLA Source B was similar to CLA sources used by Ahn et al. (1999) , Chamruspollert and Sell (1999) , and Du et al. (1999) , Experiment 3 was conducted to determine the ME n of CLA Source B with broiler chicks.
Eighty 14-d-old male broiler chicks (Ross × Ross) were used. As in Experiment 1, the chicks were fed a 23% CP, 3100 kcal of ME n /kg starter diet from 1 to 14 d of age. Five chicks were assigned to each of 16 pens located in a Petersime brooder battery. Average chick weight at the start of the experiment was 430 g. Four pens of chicks were assigned randomly to each of four test diets. The test diets were a glucose basal diet (Table 1) and diets in which 4, 8, or 12% CLA Source B were substituted for glucose of the basal diet on a weight:weight basis. Celite was included in all diets as an indigestible marker. Diets and water were supplied for consumption ad libitum, starting when the chicks were 14 d old. Body weight gain and feed consumption data were recorded when chicks were 19 d old. Excreta samples were collected on Days 4 and 5 of the 5-d experiment. Excreta and diet samples Regression analysis showed that feed consumed and feed-to-gain ratio were decreased (P ≤ 0.01 and 0.02, respectively) with increments of SO or CLA Source A. Regression coefficients for changes related to SO and CLA Source A did not differ.
were processed and analyzed as described for Experiment 1. Analytical values of excreta samples and diets were used to calculate dietary ME n values as described for Experiment 1, again using an ME n value for glucose of 3,640 kcal/kg.
Statistical Analysis
All data were analyzed statistically by the general linear models procedure of SAS (SAS Institute, 1985) to determine the effects of dietary SO and CLA sources. Regression analysis was used to assess the relationship between dietary concentrations of SO or CLA source on BW gain, feed consumption, dietary ME n values, and changes in dietary ME n data of Experiments 1 and 3, whereas multiple regression analysis (Robbins, 1986 ) was used to determine comparative effects of SO and CLA Source A on changes in dietary ME n in Experiment 1. Analysis of variance was used to determine the effects of SO or CLA Source A on dietary ME n for laying hens in Experiment 2.
RESULTS

Experiment 1
Weight gain and feed consumption data for the 7-d experiment are shown in Table 3 . Regression analysis showed that weight gain was not affected by dietary concentrations of SO or CLA Source A. Feed consumption and feed-to-gain ratio, however, were decreased linearly (P ≤ 0.01 and P ≤ 0.02, respectively) as dietary SO or CLA Source A concentrations increased. Regression coefficients for changes in feed consumption related to SO and CLA Source A did not differ (P = 0.19). Data presented in Table 4 show that dietary ME n increased linearly (P ≤ 0.01) with increments of SO or CLA Source A. The same was true for the change in dietary ME n related to increases in SO or CLA Source A after adjusting for the deletion of glucose from the diets. Multiple regression analysis of Effects of SO and CLA were linear (P ≤ 0.001).
2 Increases in dietary ME n after adjustments for the deletion of glucose from the diets as fat sources were included in the diets. The regression coefficients for CLA source and SO differed (P ≤ 0.001). These coefficients were used to estimate the ME n values of the fat sources, and the results were 7,057 and 8,912 kcal/kg for CLA Source A and SO, respectively. The ME n values calculated using the coefficients obtained when changes in dietary ME n were regressed separately for each fat source showed that the ME n of CLA Source A and SO were 7,419 and 8,429 kcal/kg, respectively.
Experiment 2
The determined ME n values of the diets and the increases in dietary ME n values related to the substitution Means within column not followed by a common superscript letter differ significantly (P ≤ 0.05).
of the fat sources for glucose are shown in Table 5 . The latter values were obtained by assuming that the ME n value of glucose was 3,640 kcal/kg (Hill and Anderson, 1958) . Additional calculation resulted in estimated ME n values of 8,517 and 8,437 kcal/kg for the CLA Source A and SO, respectively. These ME n values were not different (P > 0.05).
Experiment 3
Gain in BW was not affected (P > 0.05) by dietary CLA Source B during the 5-d experiment (Table 6 ). There was a significant nonlinear effect (P = 0.002) of CLA Source B on feed consumption, whereby feed intake by chicks fed 4% CLA Source B was greater than that of chicks fed diets containing 8 or 12% CLA Source B. Feed-to-gain ratio decreased linearly (P = 0.02) with increments of CLA Source B. Data presented in Table 7 show that dietary ME n , as determined experimentally, increased in a curvilinear manner as dietary concentration of CLA Source B increased. Increases in dietary ME n also were curvilinear, after adjustments were made for the deletion of glucose from the diets as CLA Source B was included in the diets. In the latter instance, dietary ME n increased 94 to 95 kcal/ kg for each 1% inclusion of CLA Source B up to an inclusion rate of 8%. When CLA Source B, however, was included at 12% of the diet, dietary ME n increased by only 79 kcal/kg for each 1% inclusion, resulting in the observed curvilinear response. Thus, the ME n values of CLA Source B were 9,375, 9,588, and 7,917 kcal/kg when this fat source was used at 4, 8, and 12% of the diet, respectively.
DISCUSSION
To the authors' knowledge, there are no data in the literature describing the ME n value of CLA for chickens. Results of the current studies show that the ME n of CLA for young broiler chicks varies according to fatty acid composition. One source of CLA, CLA Source A, tested in Experiment 1, contained relatively high concentrations of saturated fatty acids and low unsaturated fatty acid concentrations. The ME n value of CLA Source A was determined to be 7,419 kcal/kg (Table 8) , a value comparable to that obtained with beef tallow for chicks (Renner The decrease in feed-to-gain ratio was linear (P ≤ 0.02) with increments of dietary CLA Source B.
and Hill, 1960) . This ME n value was observed irrespective of whether CLA Source A was included at 4, 8, or 12% of the diet. The results of Experiment 3 showed that the ME n value of CLA Source B, which contained less saturated and more unsaturated fatty acids than CLA Source A, was greater for chicks than that observed for CLA Source A, especially when CLA Source B was fed at 4 or 8% of the diet (Table 8 ). The ME n values for CLA Source B presented in Table 8 were calculated, in one instance, using the nonlinear regression equation shown in Table  7 . These calculations indicated an ME n of about 10,200 kcal/kg when CLA Source B constituted 4 or 8% of the diet and about 8,000 kcal/kg when CLA Source B was fed at 12% of the diet. A second set of ME n was calculated by relating increases in dietary ME n to each concentration of CLA Source B in the diets. Resulting values were 9,375, 9,588, and 7,917 kcal/kg for dietary concentrations of 4, 8, and 12%, respectively. Both sets of ME n show clearly that CLA Source B was superior to CLA Source A as an Increases in dietary ME n after adjustments were made for the deletion of glucose from the diets as CLA Source B was included in the diets. Estimated for inclusion of 4, 8, or 12% CLA Source B in diets by relating the increase in dietary ME n to the specific concentration of CLA Source B in the diet. energy source for broiler chicks. However, it also was evident that utilization of dietary energy was decreased when CLA Source B was fed at 12% of the diet, compared with including 4 or 8% CLA Source B in the diet.
Results of Experiment 2 showed that the ME n value of CLA Source A for laying hens was equivalent to that of SO, when included in the diet at 15%. Thus the relatively high proportion of saturated fatty acids in CLA Source A did not seem to impair utilization of energy from the diet by laying hens as much as was observed with broiler chicks. This age-related difference would be expected on the basis of the report by Renner and Hill (1960) that the ME n value of the relatively saturated fat, beef tallow, was greater for adult hens than for young chicks.
Results of the research reported here show that the ME n values of CLA sources for chicks vary according to the fatty acid composition and dietary concentration of this fat source. Thus, it is important for CLA manufacturers to use adequate quality control during the manufacturing process to ensure a consistent product with respect to fatty acid composition. The CLA sources used in research reported by Ahn et al. (1999) , Chamruspollert and Sell (1999) , and Du et al. (1999) had a fatty acid profile similar to that of CLA Source B evaluated in the current study. Thus, the dietary energy supplied by all these sources should have been utilized relatively efficiently.
